ABSTRACT
INTRODUCTION
The public draft of the human genome consists of both sequence information as well as functional annotations that describe the encoded gene products. In order to utilize the sequences contained in the NCBI RefSeq genome database (Pruitt and Maglott, 2001 ) methods that can dissect the large sequence records into biologically relevant subsequences are required. Presently, gene transcripts are the dominant annotated genomic landmarks, which can be used to demarcate subsequence regions of biological importance. Selection of gene transcripts often requires access to information contained in external databases, such as LocusLink and UniGene (Wheeler et al., 2002) . The ability to select genomic subsequences based on both the sequences themselves as well as information contained in related databases facilitates processes whereby the genome sequence can be used to develop scientific hypotheses and define experimental directions.
Parallel to genomic sequencing projects, new methods that monitor cellular properties on a genome-wide scale have been developed. Important examples of such methods include DNA microarrays (Schena et al., 1995) and serial analysis of gene expression (Velculescu et al., 1995) . These technologies can be used to study the transcriptional responses of cells to various developmental and physiological processes. In order to acquire a set of genomic sequences from experiments using these methods, integrated access to the UniGene, LocusLink and RefSeq databases is required. Data from genome wide expression profiling experiments are annotated with accessions from expressed sequence tag (EST) sequences. These sequences, generated by high-throughput sequencing techniques, do not contain annotations describing the corresponding gene products. The UniGene resource compiles all EST sequences into gene-oriented clusters so that an individual EST accession can be used to identify the gene that is most likely to encode that sequence. While UniGene records do not directly link to the RefSeq database, they are connected to the LocusLink database. Each LocusLink record contains a transcript identifier for each known gene transcript. These identifiers uniquely correspond to mRNA feature annotations in the RefSeq database, which possess address information that can be used to position genomic subsequences with respect to exon locations.
Since mRNA features represent a small subset of the genome sequence, it is also important to be able to select genomic subsequences based on actual sequence properties. A variety of sequence analysis algorithms exist, which can be used to locate genomic regions with various characteristics. Algorithms such as BLAST (Altschul et al., 1990) can be used to identify locations of novel gene transcripts as well as genomic sequences identified by chromatin immunoprecipitation methods. Alternatively, clusters of cis-regulatory elements located with a motif-finding program such as COMET (Frith et al., 2002) or a set of RNA structures found with RNAMotif (Macke et al., 2001) represent potential criteria that can be used to select specific genomic regions. In all cases, the manipulation of genomic subsequences based on analysis results requires the conversion of application reports into a data format usable by subsequence manipulation and extraction software. By establishing a common data type that can be generated from reports created by many different analysis programs, a common set of tools can be used for all subsequent manipulations.
GeneHuggers was developed to provide 'glue' between different genomic databases as well as sequence databases and analysis applications. Presently there are a number of different open source bioinformatics projects that provide functionality similar to GeneHuggers. Software projects, such as EMBOSS (Rice et al., 2000) and BioPerl (Stajich et al., 2002) each contain a large number of applications that perform specific operations with sequences. GeneHuggers differs from these projects in many respects. First of all, GeneHuggers glues together information from the UniGene, LocusLink and GenBank/RefSeq databases so that gene expression data can be used to extract relevant genomic subsequences. GeneHuggers also offers a read-only database management solution that allows access to all fields of these databases without the need for network connections or a relational database system. The simple data types utilized by GeneHuggers can be easily generated from results obtained with non-GeneHuggers software, creating an environment that is compatible with most other available software. Data stored in GeneHuggers format can also be converted to GFF to permit use of additional downstream analysis and presentation tools, such as gff2ps (Abril and Guigo, 2000) . Complete documentation for GeneHuggers can be found in the PostScript manual included with the distribution.
OVERVIEW AND EXAMPLES
GeneHuggers is composed of a set of program modules whose collective functionality permits subsequence extraction from the human genome based on annotations and sequence composition. Shell scripts written with GeneHuggers modules, in conjunction with available sequence analysis programs can be constructed into small applications that perform a wide range of functions. One such script in the tutorial directory of the GeneHuggers distribution, HSest2loc, can be used to translate a set of EST accessions from a gene expression profiling experiment into upstream subsequences from the corresponding human genes. This script is composed exclusively of GeneHuggers modules and utilizes information from the UniGene, LocusLink and RefSeq databases. The resultant sequence database is in FASTN format and compatible with most sequence analysis programs. Another GeneHuggers tutorial script, GHmaskalu, uses the program BLAST and a database of alu repeat sequences, which is available from the NCBI ftp site, can be used to mask the repeat regions from any sequence database. Alternatively, MAST (Bailey and Gribskov, 1998) or HMMer (Eddy, 1998) can be combined with GeneHuggers modules in a script that takes an input database and a set of motifs and then generates a new sequence database that contains the motif instances or wider subsequences encompassing residues that flank the motif instances. GeneHuggers connects sequence analysis applications to database mining tools and allows the development of scripted programs that perform a multi-stage analysis on a set of sequences. Examples of these scripts and others are available in the GeneHuggers distribution.
GeneHuggers is written entirely in the C programming language and works under UNIX/Linux operating systems. In order to use GeneHuggers, the source distribution must be compiled and a local copy of database flat files must be installed. Once the database files have been parsed, various indices are created increasing the speed of high-throughput translations that utilize common database identifiers. All GeneHuggers modules work from the command line, and application development with GeneHuggers requires that the user is capable of writing programs in one of the UNIX shell scripting languages. All additional sequence analysis programs must be acquired separately from their respective locations. Scripts that perform installation tasks are provided with the distribution.
Each module performs a single function, and groups of modules can be used together to perform more complex operations. The input and output (I/O) data file format for GeneHuggers tools are identical so that the output generated from one module can be used to direct the behavior of the next module. This file format is plain text and can be generated with a text editor and operated on by UNIX tools such as sed, awk, sort and grep. A GeneHuggers application can be written by assembling a set of operations into a script. The integration between GeneHuggers and the UNIX environment allows highly customized shell script development using various combinations of GeneHuggers modules, sequence analysis programs and UNIX tools.
GeneHuggers I/O consists of single line per record data, in which each record represents either a subsequence region or a selected field of a database record. A subsequence is stored as a four-integer data type that consists of a record identifier, a subsequence offset and length, and a complement value that specifies the strand containing the selected subsequence. Simple application report parsers can easily generate this data so that results of a sequence analysis application can be used to create GeneHuggers subsequence data. GeneHuggers tools that change the size and position of the selected subsequences can manipulate these data prior to the extraction of selected subsequences from the original database. Any set of subsequences can be used to generate new sequence databases from original databases using results from an analysis application. This functionality permits the generation of complex scripted programs that perform a multi-stage analysis on a set of sequences. Parsers for a set of analysis programs are provided in the GeneHuggers source distribution.
FUTURE DEVELOPMENT
GeneHuggers was developed to assist in the detection of cis-regulatory elements in the human genome. This process required both the transformation of gene chip data sets into genomic subsequences as well as the use of multiple motif detection algorithms to discover potential transcription factor binding sites. GeneHuggers has proven to be extremely versatile and suitable to database mining functions for a variety of applications. The combined functionality of GeneHuggers program modules transforms the UNIX shell into a bioinformatics-programming environment. Such programs can make use of information from all three supported databases as well as multiple different sequence analysis programs. The extension of GeneHuggers to include parsers for additional databases and analysis report formats serve as future directions that will permit the use of GeneHuggers as a programming platform for additional bioinformatics applications. The complete range of functionality achievable with GeneHuggers has not been fully explored. As new users gain experience with GeneHuggers, additional functionalities will be developed and new uses discovered.
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